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supplement to resist microbial infections and boost immune system in human beings. Jonathan & Awotona (2010) revealed, the crude and the purified extracts of G. lucidum has significant antibacterial activities in vitro against E. coli, Pseudomonas aeruginosa, Proteus mirabilis, Klebseilla pneumonia, S. aureus, B. cereus and Actinomyces sp. Ganoderma lucidum extracts showed a higher activity against S. aureus and B. cereus than the antibiotics ampicillin and streptomycin (Heleno et al. 2013 ). The C-3 epimer of Ganoderic acid T (22S, 24E)-3α, 15α, 22-triacetoxy-5α-lanosta-7, 9, (11), 24-trien-26-oic acid compound also exhibited significant antimycobacterial activity against Mycobacterium tuberculosis H37Ra (Isaka et al. 2013) . Ganoderma lucidum spore powder could be used against Prevotella intermedia from sub gingival plaque in conjunction with conventional therapy in periodontal disease (Nayak et al. 2015) . Both crude and the purified extracts of G. lucidum showed antifungal efficacy against Aspergillus flavus, A. fumigatus, A. niger, A. tamarri, Candida albicans, Fusarium oxyporum, Malassezia sloffiae, M. sympodialis, Mucor indicus, Pache dermatitis, Penicillium oxalium and P. chrysogenum (Boh et al. 2013 , Sridhar et al. 2011 . Wang & Ng (2006) isolated an antifungal protein called Ganodermin from G. lucidum fruiting bodies. Ganodermin inhibited mycelial growth of Botrytis cinerea, F. oxysporum and Physalospora piricola (Zhang et al. 2011) . The volatile organic compounds identified from hydrodistillates and solvent extracts of the fruiting bodies of G. lucidum were responsible for cytotoxicity and antimicrobial activity (Ziegenbein et al. 2006) . Ganoderma lucidum extracts inhibited the development of Helicobacter pylori, which is responsible for the formation of gastric ulcers and gastric cancer (Suay et al. 2000) . Further, antifungal activity against Trichoderma viride exceeded that of the standards of fungicides bifonazole and ketoconazole. Methanol extract of G. lucidum showed antimicrobial activity against B. cereus, Enterobacter aerogenes, E. coli, S. aureus, and P. aeruginosa (Shah et al. 2014) . Taylor & Reide (1998) revealed that only two classes of drugs are currently used to treat HIV (anti-human immunodeficiency virus) infection in western medicine and one class is protease inhibitors. They interfere with HIV replication by inhibiting post-translational processing of viral precursor polypeptides. Ganoderma lucidum has anti HIV-1 protease activity and hence it could be used to treat HIV infection via the same mechanism. Several triterpenoid compounds of G. lucidum possess anti-HIV-1 activity, including Ganoderic acid A which exhibited inhibitory activity against HIV-1 proteases (El-Mekkawy et al. 1998) . Wang & Ng (2006) demonstrated that G. lucidum also contained laccases which might inhibit HIV-1 reverse transcriptase. Some compounds such as Ganodermanondiol, Lucidumol B, Ganodermanontriol, Ganoderic acid B and Ganolucidic acid A showed significant HIV-1 protease activity. Eo et al. (2000) found that Ganoderic acids had antiviral activity against HIV and Epstein-Barr virus. Giavasis (2014) reported, Lentinan, an acidic proteoglucan from G. lucidum has been used as anti-HIV drug. It increased host resistance to HIV virus, and limiting the toxicity of conventional anti-HIV drugs. Polysaccharide fractions extracted from G. lucidum are shown to exhibit activity against herpes simplex virus-1 (HSV-1) and herpes simplex virus-2 (HSV-2) (Oh et al. 2000 , Liu et al. 2004 , Pillai et al. 2010 . Ganodermadiol exhibited activity against herpes simplex virus type 1 (Bisko & Mitropolskaya 1999) . A marked synergistic effect was reported with protein-bound polysaccharide (PBP) from G. lucidum, when used in tissue culture in conjunction with anti-herpetic agents, acyclovir or vidarabine, and with interferon alpha (IFN-α) (Kim et al. 2000 , Oh et al. 2000 .
Malaria, a human parasite causing about 2.5 million deaths each year, is an infectious disease caused by the genus Plasmodium (Mendis et al. 2000) . Very few drugs those are active against Malaria up to now and any direct therapeutic agents were still not available (Wells et al. 2009 , Gamo et al. 2010 , Anthony et al. 2012 , Kulangara et al. 2012 . The new lanostanes Ganoderic acids TR and S, Ganoderic aldehyde TR and Ganodermanondiol extracted from G. lucidum by Adams et al. (2010) , exhibited moderate in vitro antiplasmodial activity. Water soluble substances like GLhw (high molecular weight components isolated from water soluble substances of G. lucidum) and GLlw (low molecular weight components isolated from water soluble substances of G. lucidum) and methanol soluble GLMe-1-8 isolated from fruit bodies inhibited replication of influenza A virus. Polysaccharides showed a direct action towards hepatitis B virus 691 (HBV) by inhibiting DNA polymerase. Water extract from G. lucidum inhibited proliferation of HPV transformed cells (Hernandez-Marquez et al. 2014) . Zhang et al. (2014) evaluated the antiviral activities of two G. lucidum triterpenoids (GLTs), 9(11), 15; and Ganoderic acid Y (GLTB), against EV71 (Enterovirus 71) infection. These two natural compounds display significant anti-EV71 activities without cytotoxicity in human rhabdomyosarcoma (RD) cells as evaluated by 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) cell proliferation assay. The results suggested that GLTA and GLTB prevent EV71 infection through interaction with the viral particle to block the adsorption of virus to the cells. In addition, the interactions between EV71 virion and the compounds were predicated by computer molecular docking, which illustrated that GLTA and GLTB may bind to the viral capsid protein at a hydrophobic pocket (F site), and thus may block uncoating of EV71. Moreover, they demonstrated that GLTA and GLTB significantly inhibit the replication of the viral RNA (vRNA) of EV71 replication through blocking EV71 uncoating.
Anti-diabetic effects
Polysaccharides, proteoglycans, Proteins and Triterpenoids from Ganoderma lucidum are responsible to have hypoglycemic effects (Ma et al. 2015) . Polysaccharides of G. lucidum showed hypoglycemic effects by increasing plasma insulin levels and decreasing plasma sugar levels in mice (Hikino et al. 1985 (Hikino et al. , 1989 . These polysaccharides enhanced the activities of hepatic glucokinase, phosphofructokinase, and glucose-6-phosphate dehydrogenase and inhibit glycogen synthetase activity. Further they decreased the hepatic glucose production and prevent hyperglycemia (Agius 2007 , McCormack et al. 2001 . Zhang et al. (2003) found that G. lucidum polysaccharides protect pancreatic cells against alloxan induced damage by inhibiting NF-κ B activity. He et al. (2005) reported the main cause of mortality and morbidity in patient with diabetes was endothelial cell apoptosis which is associated with cardiovascular problems. Laboratory tests revealed that G. lucidum consumption can provide beneficial effects in treating type 2 diabetes mellitus (T2DM) by lowering the serum glucose levels through the suppression of the hepatic PEPCK gene (Phosphoenolpyruvate carboxykinase) expression (Seto et al. 2009 ). Oliver-Krasinski et al. (2009) showed G. lucidum polysaccharides with low molecular weights can cause hypoglycemic effects, protect pancreatic cells from cell death, and promote cell regeneration by up regulating Bcl-2(B-cell lymphoma 2), an anti-apoptosis protein and PDX-1 (Pancreatic and duodenal homeobox 1). Ganoderma lucidum polysaccharides can increase body weight, blood glucose levels and serum insulin levels and decrease blood Cholesterol levels (Li et al. 2011) . Studies have demonstrated that these Polysaccharides can decrease the mRNA level of key enzymes in glycogenolysis and gluconeogenesis such as hepatic glycogenphosphorylase, fructose-1, 6-bisphosphatase, phosphoenolpyruvate carboxykinase and glucose-6-phosphatase. Further, these polysaccharides decreased serum glucose levels and abnormal serum insulin levels in STZ/high fat diet-induced type II diabetic mice. Zheng et al. (2012) reported inducible nitric oxide synthases and caspase-3 were down-regulated in STZ-induced diabetic rats, which induced apoptosis. Ganoderma lucidum polysaccharides can stimulate wound healing and increase wound healing capacity in STZ-induced diabetic mice (Tie et al. 2012 , Cheng et al. 2013 . These polysaccharides enable decreasing mitochondria oxidative stress, inhibiting activity and nitration of manganese superoxide dismutase (Mn SOD), suppressing glutathione peroxidase (GPx) activity, decreasing redox enzyme p66Shc expression and phosphorylation (Ma et al. 2015) .
Ganoderma lucidum triterpenoids inhibit aldose reductase and α-glycosidase enzymes and aldose reductase converts glucose into sorbitol which is a key step in Polylol pathway (Fatmawati et al. 2010a (Fatmawati et al. , b, 2011a (Fatmawati et al. , b, 2013 however, the accumulation of sorbitol can cause diabetic complications such as neuropathy, cataracts, and retinopathy (Bhatnagar & Srivastava 1992 , Schemmel et al. 2010 . Extracts of G. lucidum contain ganoderic acid C2, ganoderenic acid A and ganoderic acid Df which has aldose reductase enzyme inhibitory activity (Fatmawati et al. 2009 ). α-Glycosidase converts disaccharides and oligosaccharides to glucose in the small intestine epithelium and hence inhibition of α -glycosidase by Ganoderic acids lead to relieve hyperglycemia 692 (Fatmawati et al. 2011a) . Ling Zhi-8 (LZ-8) is a protein found in G. lucidum and it shows immunomodulatory and anti-type I diabetes activities (Kino et al. 1989 (Kino et al. , 1990 . LZ-8 has mitogen activity and it can lower the plasma Glucose concentration, further LZ-8 decreased lymphocyte infiltration and increased antibody detection of insulin in beta cells in NOD (Non-obese diabetic) mice (Ma et al. 2015) . Ma et al. (2015) concluded that LZ-8 responsible for immunomodulatory activity to inhibit diabetes by adjusting subsets of immune cells. Teng et al. (2011) reported an acidic proteoglycan FYGL (Fudan-Yueyang-G.lucidum) extracted from G. lucidum can inhibit PTP1B (Protein tyrosine phosphatase 1B) in vitro. PTP1B helps in negative regulation of insulin receptor signaling and decreases expression of insulin receptor β subunit (Combs 2010 , Feldhammer et al. 2013 . FYGL has dose dependent hypoglycemic and hypolipidemic effects and further it increases blood insulin levels and inhibits PTP1B activity and decreases PTP1B protein expression in skeletal muscle cells (Teng et al. 2012) . Pan et al. (2013) revealed FYGL in skeletal muscle cells and adipocyte cells induce glucose transporter 4 (GLUT4) protein expressions in diabetic (db/db) mice. FYGL increases the use of glucose in muscle cells and adipocytes and lower hepatic glucose output into the blood to decrease blood glucose levels. Further, FYGL has effects on pancreatic islet regeneration and antioxidant activity in db/db mice. Pan et al. (2014) found a highly water-soluble proteoglycan FYGL-n, a hyper branched heteropolysaccharide can be isolated from G. lucidum. Hence FYGL-n may play special roles for its bioactivities in PTP1B inhibition and antihyperglycemic potency. Ma et al. (2015) reported FYGL was sensitive to glycosidase, and hypothesized glycan was released in the stomach or small intestine and the glycan dissociated protein motifs and interact with PTP1B. Wang et al. (2015) revealed that GLSP (G. lucidum spore powder) consumption reduced the blood glucose levels by promoting glycogen synthesis and inhibiting gluconeogenesis. GLSP treatment was also associated with the improvement of blood lipid compositions through the regulation of cholesterol homeostasis in the type 2 diabetic rats. Sudheesh et al. (2013) reported that administration of Ganoderma lucidum and α-Tocopherol significantly protected mitochondria by preventing the decline of antioxidant status and mitochondrial membrane potential (ΔΨmt) or by directly scavenging the free radicals in order to reduce cardiac toxicity and mitochondrial dysfunction. Gao et al. (2004) demonstrated Ganopoly treatment (G. lucidum polysaccharides) was well tolerated and active in patients with Coronary Heart Diseases. It significantly decreased the percentage of abnormal ECG, blood pressure and serum cholesterol level, further it lasts the cholesterol level unchanged of the patients. Lai et al. (2006) suggested G. lucidum significantly reduced oxidative damage and apoptosis in PTEC (Proximal tubular epithelial cells) induced by HSA (Human serum albumin). The differential reduction of IL-8 (tubular secretion of interleukin) or sICAM-1 (soluble intercellular adhesion molecules) released from HSA-activated PTEC by different components of the LZ (G. lucidum extract) proves that components of G. lucidum with different molecular weights could have different roles and operate different mechanisms in preventing HSA-induced PTEC damage.
Cardiovascular problems

Other beneficial properties of Ganoderma lucidum
The compounds cyclooctasulfur and oleic acid isolated from Ganoderma lucidum (culture broth) inhibit releasing histamine which is an important activity for treatment of inflammation, allergies, and anaphtlactic shock (Tasaka et al. 1988a (Tasaka et al. , 1988b . The alkaloids, choline and betaine were isolated from the spores of G. lucidum. Vitamins (including β-carotene) and essential elements have been isolated (Paterson 2006) . Elemental analysis of G. lucidum fruit bodies revealed Phosphorus, Silica, Sulphur, Potassium, Calcium, and Magnesium to be their main mineral components and Iron, Sodium, zinc, Copper, Manganese, Strontium, Lead, Cadmium, and Mercury were also detected in traces (Chen et al. 1998) . It also contains organic Germanium (Chiu et al. 2000) , Protein (Chang & Buswell 1996 , Mau et al. 2001 , lectins (Kawagishi et al. 1997 , Thakur et al. 2007 ), enzymes such as metallo-protease, nucleosides and nucleotides such as adenosine and guanosine (Wasser et al. 2005 , Paterson 2006 . Ganoderma lucidum could be considered as sources of preservatives of food industry (Kana et al. 2015) . Lower urinary tract symptoms in men can be treated with G. lucidum ethanol extract effectively (Noguchi et al. 2008a, b) . Further, G. lucidum extracts suppress prostatic growth partly by its ability to inhibit 5α -reductase, which is over expressed in Benign Prostatic Hyperplasia (BPH) tissues (Liu et al. 2007 ). Enzyme α-reductase converts testosterone to the more potent form dihydrotestosterone which promotes growth of prostate cells by stimulating the androgen receptor (Liu et al. 2007 ). Ganoderma lucidum is having a neuroprotective effect caused by the compounds of methyl Ganoderic Acid A, methyl Ganoderic Acid B, Ganoderic Acid -S1 and Ganoderic Acid-TQ, including promoted neuronal survival and reduced fatigue (Zhang et al. 2011 , Zhao et al. 2011 , Zhao et al. 2012 . The potential use of this fungus for the treatment of neurological diseases has also been studied and found that long term consumption of G. lucidum can decrease the progression of Alzheimer"s disease (Lai et al. 2008 , Zhou et al. 2012 . This neuroprotective effect is caused by promotion of neuritogenesis and reduction of senescence of the neurons (Seow et al. 2013) . Liu et al (2015b) discovered Ganoderic acid C1 (GAC1) significantly reduced TNF-α production by murine macrophages (RAW 264.7 cells) and peripheral blood mononuclear cells (PBMCs) in asthma patients. Inhibition was associated with down-regulation of NF-κB expression, and partial suppression of MAPK and AP-1 signaling pathways. Chemical structures of methyl Ganoderic acid A, methyl Ganoderic acid B. Ganoderic acid S1 and Ganoderic acid TQ (Zhang et al. 2011) . Ganoderma lucidum is part of several cosmetic products in the Chinese beauty products, many of which are used in the skin lighting function. In an enzyme based assay, G. lucidum extract was found to be potent tyrosinase inhibitor. Tyrosinase enzyme is a key enzyme in the melanin formation. Importantly the IC50 levels were much lower than other Basidiomycetes mushroom, thus justifying its use as a skin lightening active in cosmeceutical products (Chien et al. 2008) . Ganoderma lucidum triterpenoids have been improved learning and memory dysfunction of Alzheimer's disease by increasing acetylcholine content in the brain in a rat model (Zhang et al. 2011) . Water extracts of G. lucidum inhibit acetylcholine esterase activity in brain tissues and prevent reduction of acetylcholine levels ensuring a protection of brain tissues from cerebral ischemia, vascular dementia and Alzheimer's dementia (Zhang et al. 2014) . Memory impairment caused by the lack of acetylcholine due to malfunction of cholinergic nervous system (Choi et al. 2015) . Dementia patients with neuronal damage generate only a small amount of acetylcholine even under active acetylcholine esterase enzyme. This results in abnormal neurotransmission and pathological phenomena, such as learning disorders, memory deficits, and cognitive impairment (Talesa 2001) . Lee et al. (2011) reported that lanostane triterpenes separated from fruit bodies of G. lucidum were exceptional inhibitors of acetylcholine esterase. When activity in brain tissues AChE was examined to determine the efficacy of fermented G. lucidum water extracts in improving memory despite scopolamine-induced memory and cognitive impairment, the scopolamine group showed significantly increased AChE activity (Choi et al. 2015) . Pillai & Devi (2013) revealed the radio protective effect in vivo by β-glucan from Ganoderma lucidum in a rat model. GLPS (G. lucidum polysaccharides) had a protective effect against acute hepatotoxicity induced by CCl 4 and this protection occurred by scavenging reactive free radicals, inhibiting lipid peroxidation, boosting antioxidant system, suppressing the immune inflammatory response, and restraining extrinsic-induced apoptosis (Liu et al. 2015a ). Laboratory tests revealed that the protective efficacy of GLP against EtOH-induced chronic liver injury in SD rats by modulating ethanol metabolizing enzymes activity, attenuating oxidative stress and inhibiting mitochondrial damage-mediated apoptosis (Jang et al. 2015) . GLPL (G. lucidum polysaccharide liposome) had significantly enhanced proliferation of the splenic lymphocyte of mice both in single stimulation and synergistical stimulation with PHA (phytohemagglutinin) or LPS (lipopolysaccharide) showing its immunological activity of GLP (Liu et al. 2015a ). Ganoderic acid F was found to have the most potent inhibitory effect on the formation of capillary like structures of human umbilical vein endothelial cells showing anti-angiogenesis activity (Nguyen et al. 2015) . Ganoderma lucidum water extracts were fermented using lactic acid bacteria and it significantly reduced the inflammation in LPS-stimulated RAW 264.7 cells compared with G. 694 lucidum water extract alone. Hence, FGWBL (G. lucidum secondary fermented extracts) consumption alone or as a constituent of foods is a viable therapeutic strategy for reduction of inflammation. Shen et al. (2015) demonstrated in vitro permeation studies through rat skin and indicated that the amount of GTs (Ganoderma Triterpenoids) permeated through skin of GT-NLCs (nanostructured lipid carrier) after 24 h was higher than that of GT emulsion. GT-NLC-gel was found to have superior therapeutic effect for frostbite, compared with the GT emulgel. Zhang et al. (2011) revealed that Ganoderma triterpenes exhibit neurotropic activity. Methyl ganoderate B (methyl 3β, 7β-dihydroxy-11, 15, 23-trioxo-5α-lanost-8-en-26-oat and 4, 4, 14α-Trimethyl-5α-chol-7, 9 (11)-dien-3-oxo-24-oic acid have nerve growth factor-like neuronal survival-promoting effects. Two latter compounds and Methyl ganoderate A (methyl 7β, 15α-dihydroxy-3, 11, 23-trioxo-5α-lanost-8-en-26-oate), Ganoderic acid S1 and Ganoderma acid T-Q (3β-oxo-15α-acetoxylanosta-7, 9(11), 24-trien-26-oic acid) showed brain-derived neurotrophic factor-like neuronal survival-promoting activities (Zhang et al. 2011 ). Compounds n-Butyl ganoderate H (n-butyl 12β-acetoxy-3β-hydroxy-7,11,15, 23-tetraoxo-5α-lanost-8-en-26-oate) and Methyl ganoderate A acetonide (methyl 7β, 15α-isopropylidenedioxy-3,11,23-trioxo-5α-lanost-8-en-26-oate), exhibiting specific anti-acetylcholinesterase activity, were examined by Lee et al. (2011) as possible drug candidates for the treatment of Alzheimer"s and related neurodegenerative diseases. Compounds Lucidadiol (5α-lanosta-8, 24-dien-3β, 26-dihydroxy-7-one), Ganodermanondiol, and some other Ganoderma triterpenes exhibited moderate acetylcholinesterase-inhibitory activity, with IC50 values ranging from 9.40 to 31.03 μM. Hence, lanostane triterpenes are preferential inhibitors of acetylcholinesterase and may be suitable as drug candidates (Lee et al. 2011) . Ganoderic acid B (3β, 7β-dihydroxy-11, 15, 23-trioxo-5α-lanost-8-en-26-oic acid showed significant hepatoprotective activity. However, increased doses of compound 3β, 7β-dihydroxy-11, 15, 23-trioxo-5α-lanost-8-en-26-oic acid (up to 10 times) did not further reduce GOT/GPT levels in the serum of the mice (Su et al. 1993) Compound Ganosporeric acid A (3, 7, 11, 12, 15, 23-hexaoxo-5α-lanosta-8-en-26-oic acid) has an activity of lowering the levels GPT in mice with liver injury by CCl 4 and GaNI and exhibits hepatoprotective effects (Chen & Yu 1993) . Lee et al. (2010) revealed, the compound t-Butyl lucidenate B (t-butyl 7β, 12β-dihydroxy-4, 4, 14α-trimethyl-3, 11, 15-trioxo-5α-chol-8-en-24-oate) reduced the triglyceride accumulation significantly and it effectively suppressed the glycerol-3-phosphate dehydrogenase activity in the cells. It suppressed gene expression of PPARγ, C/EBPα, and SREBP-1c in a dose-dependent manner during differentiation and hence this compound contributes to the inhibitory effect on adipocyte differentiation in 3T3-L1 cells. The inhibitory effect on aldose reductase was examined for Ganoderic acid Df and its methyl ester. Carboxyl group of side chain of compound of Ganoderic acid DF (7β, 11β-dihydroxy-3, 15, 23-trioxo-5α-lanosta-8-en-26-oic acid) was found to be essential for potent inhibitory activity because of much lower level of inhibitory activity of its methyl ester (Kinge & Mih 2011) .
Ganoderic acid C (3β, 7β, 15α-trihydroxy-11, 23-dioxo-5α-lanost-8-en-26-oic acid) and Ganoderic acid D (7β-hydroxy-3, 11, 15, 23-tetraoxo-5α-lanost-8-en-26-oic acid) were shown to inhibit histamine release from rat mast cells (Kohda et al. 1985) . Butyl ganoderate B and 15-Hydroxy-ganoderic acid S (15α-hydroxy-3-oxo-5α-lanosta-7, 9(11), 24(E)-trien-26-oic acid exhibited inhibitory activities against the HMG-CoA reductase and acyl CoA acyl transferase (Li et al. 2006) . Ganoderic acid LM2 (23S) 7β,-dihydroxy-3,11,15-trioxo-5α-lanosta-8,24-dien-26-oic acid and Ganoderic acid ε (23S)-3β, 7β, 23-trihydroxy-11,15-dioxolanosta-8,24(E)-diene-26-oic acid exhibited potent enhancement of ConA-induced mice splenocytes proliferation in vitro (Luo et al. 2002) . It was found that compounds 5α-Lanosta-7, 9(11), 24-triene-15α-26-dihydroxy-3-one, 5α-Lanosta-7,9(11), 4, 7, 11, 15, -pregnane possess the bioactivity to induce apoptosis in human promyelocytic leukemia HL-60 cells (Gonsalez et al. 2002) . Some Ganoderma triterpenes Ganoderic acid (DM 3, 7-dioxo-8, 24(E)-dien-lanosta-26-oic acid, 5α-Lanosta-7, 9 11), 24-triene-15α-26-dihydroxy-3-one, and Ganoderol A showed inhibitory activity for 5α-reductase in rat liver microsomes (Liu et al. 2006) . The in vitro tests showed that compounds 26, and Fornicatin A (4, 26, showed inhibitory activity against rabbit platelet aggregation induced by platelet activating factor (PAF), and the latter compound exhibited inhibition against platelet aggregation induced by adenosine diphosphate (ADP) (Niu et al. 2004 ). Chen et al. (2012) found that striatal NGF (nerve growth factor), PGC-1α (peroxisome proliferator activated receptor-γ coactivator 1α) and succinate dehydrogenase activity were recovered in GaLufed mice (G. lucidum extract) in turn proved that the NGF-signaling pathway connected to the mitochondrial regulator, PGC-1α, expression. This signaling triggered by astrocytic NGF with small molecule inducers may offer a therapeutic strategy for Huntington"s disease. Zhang et al. (2013) suggested that GlPS could be used in protecting against alloxan-induced pancreatic islets damage in vitro and in vivo through its scavenging ability to protect the pancreatic islets from free radicals-damage induced by alloxan. Mizushina et al. (1999) revealed Cerevisterol compound could inhibit mammal α-DNA polymerase invitro. Ganoderic acids T-Q and lucideinic acids A, D2, E2, and P showed anti-inflammatory activity in mice (Sliva et al. 2003) . Ganoderic acids C and D showed antihistamine releasing activity in rat mast cells (Kohda et al.1985) and Ganoderic acids S1 and C1 showed Glucosyltransferase inhibitory activity (Hada et al. 1989) . Ganoderols A and B, Ganoderal A and Ganoderic acid Y had been found to inhibit cholesterol synthesis pathway (Hajjaj et al. 2005) . Seo et al. (2009) confirmed anti-complimentary activity against the classical pathway of the complement system. Ganodermic acid S induces platelet aggregation at high dosages and inhibit agonist-induced platelet aggregation at low dosages (Su et al.1999 , Shiao 2003 . Liang et al. (2014) found that Ganoderma lucidum polysaccharides have anti-inflammatory property that could be useful in the prevention of vascular diseases and inflammatory responses by decreasing IL-1 β expression. Hsu et al. (2012) found extract of G. lucidum can modulate human immunity by activating human PMNs via the p38 MAPK pathway. Weng et al. (2010) reported Ganodermasides A and B as anti-aging compounds. Yang et al. (2013) confirmed osteogenic potential of Ganoderma lucidum by studying osteogenetic capability of Ling Zhi-8 compared with recombinant human bone morphogenic protein-2 (rhBMP-2) in a standardized bony defect using a rabbit sinus model. The biomaterial implants using rhBMP-2 and LZ-8 had good biocompatibility and osteogenetic capabilities in the rabbit sinus model. Bone healing in rhBMP-2-treated defects was excellent and showed a significant difference compared with LZ-8. However, LZ-8-treated defects also exhibited bone regeneration, and this traditional Chinese medicine may possess osteogenic potential. Liu et al (2015a) reported GAC1 (Triterpene Ganoderic acid C1) inhibited production of TNF-α (Tumor necrosis factor-α) and other pro inflammatory cytokines by PBMCs (Peripheral blood mononuclear cells) and inflamed CD (Crohn"s disease) colonic mucosa due to blockage of NF-κB activation (Nuclear factor-κB). The water extract of G. lucidum mycelium (WEGL) reduces body weight, inflammation and insulin resistance in mice fed a high-fat diet (HFD) by reversing HFD-induced gut dysbiosis (Chang et al. 2015) . Further, it maintains intestinal barrier integrity, reduces metabolic endotoxemia and shows that high molecular weight polysaccharides (>300 kDa) isolated from the WEGL extract produce similar anti-obesity and microbiota-modulating effects. Thyagarajan-Sahu et al. (2011) demonstrated ReishiMax (RM), a nutritional supplement made by G. lucidum can control adipocyte differentiation by inhibiting suppression of expression of adipogenic transcription factors peroxisome proliferator-activated receptor-γ (PPAR-γ), sterol regulatory element binding element protein-1c (SREBP-1c) and CCAAT/enhancer binding protein-α (C/EBP-α). ReishiMax suppressed expression of enzymes and proteins responsible for lipid synthesis, transport and storage: fatty acid synthase (FAS), acyl-CoA synthetase-1 (ACS1), fatty acid binding protein-4 (FABP4), fatty acid transport protein-1 (FATP1) and perilipin, Further RM induced, AMP-activated protein kinase (AMPK) and increased glucose uptake in 3T3-L1 cells by adipocytes. Ganoderma lucidum extracts enhanced the ability to mount humoral responses against viral infection in broiler chickens (Ojiezeh & Eghafona 2015) . Chu et al. (2007) reported G. lucidum aqueous extract (GLE) on sleep and its sedative activity in a rat model. GLE significantly decreased sleep latency, increased sleeping time, non-REM sleep time and light sleep time in pentobarbital-treated rats. Hence GLE may be having benzodiazepine like hypnotic activity.
Toxicity
Most papers on Ganoderma lucidum focused on its miraculous healing quantities but few have shown that it can have toxic effects on humans. Studies on the toxicity and adverse effects of G. lucidum are much less common, however, in vitro study revealed that G. lucidum extracts can have the potential to cause toxicity. When G. lucidum extracts exposed to cells at higher levels of concentrations than which required for stimulatory effects, it causes significant reduction in cell viability observed in some cell lines (Gill & Rieder 2008) . Human sensitization to G. lucidum antigen was first reported in 1979 in Ontario, CA, USA with patients who attended chest and allergy clinics and found positive to the Ganoderma antigen (Tarlo et al. 1979 ) and similar study was done in 1985 in Auckland, New Zealand with more positive data for G. lucidum allergy (Cutten et al. 1988 ). In 1995 sensitization was reported in India with patients which showed marked skin reactivity to spore and whole body extracts of G. lucidum (Singh et al. 1995) . Wanmuang et al. (2007) reported hepatotoxic effects from a patient in Hong Kong who was under the treatments of G. lucidum spore powder. Patients with hypoglycemia should be treated very carefully with G. lucidum since it lowers the blood sugar level (Hikino et al. 1989) . Tao et al. (1990) with blood disorders like Thrombocytopenia and patients who were taking anticoagulants or antiplatelets should be cautious, since G. lucidum has anticoagulant effects. Further, patients with gastric ulcers and active gastrointestinal bleeding should be vigilant because of apparent anticoagulant effect of G. lucidum. Patients with tendency for bleeding should be cautious since G. lucidum has an additive effect on clotting factors and prolongation of Prothrombin time (Ulbricht et al. 2010) . Patients who are under treatments for Hypertension should be very careful as G. lucidum has hypotensive properties (Lee et al. 2001) . Ganoderma lucidum is not recommended for lactating women and pregnant women since no scientific data was found on effects of lactation (Ulbricht et al. 2010) . Ganoderma lucidum extract increased total sleep time and non-rapid eye movement significantly in rats, with a possible mechanism related to TNF-α (Cui et al. 2012) . Gao et al. (2002 a) reported that GLPS produced a mucosal healing effect in the rat model, partially due to the suppression of TNF-α and induction of c-myc and ODC gene. Ganoderma lucidum pharmacopuncture (GLP) on chronic gastric ulcers in rats was studied by Park et al. (2014) and found two local acupoints CV12 and ST36 can provide significant protection to the gastric mucosa. Aqueous extracts from G. lucidum showed absence of embryotoxic or neurotoxic effects when incubated with mouse embryonic fibroblast (BALB/3T3) and mouse neuroblastoma (N2a) cells (Smiderle et al. 2015) .
Discussion
Are the beneficial medical properties truly substantiated?
Ganoderma lucidum has a very ancient history as a medicinal mushroom hence it has gained an almost divine status in its usage to promote health. This fungus is now becoming accepted as a natural adjuvant supplement in combination with other therapies to enhance the healing effects by supporting the immune system. Recent in vitro and in vivo studies demonstrate the beneficial effects of G. lucidum on various diseases and the Western medical researchers are increasingly involved to study this topic nowadays, since this mushroom was introduced to the Western world only within the past 30 years. However, to confirm if G. lucidum has healing power or not, there is a need for a deeper scientific understanding of medical properties, mechanisms of actions, and their interrelationships with other molecules. Published medical investigations performed on G. lucidum except anticancer, are compiled in Table 1 . Very few studies have been conducted with G. lucidum in human patients. Most of the studies were performed with small sample size without a placebo control group (Fu & Wang 1982 , Kanamatsuse et al. 1985 , Jun & Ke-yan 1990 , Soo 1994 , Wanachiwanawin et al. 2006 , Wanmuang et al. 2007 , Nayak et al. 2015 . Further, there is a lack of information regarding long term treatment of the drug, age, patient"s gender (Kanamatsuse et al. 1985 , Jin et al. 1996 , Hijikata & Yamada 1998 , Futrakul et al. 2002 , side effects, standard method of extraction of G. lucidum, its standard dosage and number of Blood pressure decreased significantly in essential hypertension patients and slightly decrease in patients with mild hypertension, total cholesterol decreased and fibrinogen increased slightly. Kanmatsuse et al. 1985 , Frost 2016 15 volunteers and 33 atherosclerotic patients were orally treated with G. lucidum extract.
Atherosclerosis.
1g of G. lucidum 3 times per 1 day for 2 weeks.
Length and weights (wet and dry) of the extracorporeal thrombi were reduced, maximum platelet aggregation inhibition rates were then 31.49 % and 17.7 %. Effective inhibitory agent of platelet aggregation.
Jun & Ke-yan 1990
4 patients were treated with G. lucidum extract.
Hepatitis B and elevated bilirubin and SGPT/SGOT levels (alanine aminotransferase and aspartate aminotransferase.
6 g of G. lucidum extract daily (concentration undefined) for 3 months.
After 1 month, bilirubin, SGPT, and SGOT levels were significantly reduced, after 90 days all values returned to within normal ranges.
Soo 1994
Placebo controlled double blind trial, 54 patients were treated with tablets containing G. lucidum extract , each 55mg = 1.375g of sporophores (Wakan Shoyaku Botany Institute).
Stage II hypertension. 2 tablets orally, 3 times/day (330 mg/day After 1 week systolic and diastolic blood pressure significantly drop, after 2 weeks significant change in nail fold micro circulation, improvements in capillary loop density, diameter and red blood cell velocity Jin et al. 1996 Administration of hot water soluble extracts of Ganoderma lucidum for two patients with post herpetic neuralgia, 2 other patients with severe pain due to herpes zoster infection. No significant change in any of the variables, but a slight trend toward lowering lipids, increased antioxidant capacity in urine. No evidence of liver, renal or DNA toxicity with G. lucidum intake.
Wachtel-Galor et al. 2004
14 RSP patients were treated with G. lucidum decoction (1 dose is 100g of G. lucidum and water 600ml) together with conventional treatment.
RSP patients (Russula subnigricans poisoning).
Not mentioned.
Significantly decreased urinary protein and blood cell count.
Xiao et al. 2003
A double-blind, randomized, placebocontrolled trial, 170 patients treated with Ganopoly, 1 capsule = 600 mg extract equivalent to 9 g of fruiting body (provided by Encore International Co. Auckland, NZ).
Coronary
Heart Disease.
3 capsules, 3 times per day before meals (5400 mg per day).
Treatment improved primary symptoms, decreased abnormal electrocardiogram appearance, and decreased blood pressure and cholesterol in comparison to the control group.
Gao et al. 2004b
Phase I/IIA randomized non blinded placebo controlled multicenter clinical trial, 71 patients treated with Ganopoly 1 capsule = 600 mg extract = 9 g of fruiting body (provided by Encore International Co.
Type II Diabetes mellitus.
1800mg Ganopoly was used 3 times daily for 12weeks.
Statistically significant decrease in glycosylated hemoglobin was observed in the treated group in comparison with the control group. The results suggest that Ganopoly is efficacious and safe in lowering blood glucose concentrations.
Gao et al. 2004a
Clinical Responded quickly to treatment and no patient developed post-herpetic neuralgia (PHN) after more than one year of follow-up.
Hijikata et al. 2005
Randomized, double-blind, placebo controlled and dose ranging study for male volunteers above 50 years of age with an International Prostate Symptom Score (I-PSS; questions 1-7) ≥ 8 and a prostate-specific antigen (PSA) value < 4 mg/ml.
Benign prostatic hyperplasia.
(n = 12), 0.6 mg (n = 12), 6 mg (n = 12) or 60 mg (n = 14) randomized to placebo administered once daily, n = number of patients.
The overall administration was well tolerated with no adverse effects. Statistically significant reductions in IPSS versus placebo were observed at the 6 mg and 60 mg dose (weeks 4 and 8; 3 points placebo). This significant improvement in I-PSS is confirmed. No changes were observed with respect to Qmax, residual urine, prostate volume and PSA levels. The recommended phase II dose of the extract is 6 mg in men with mild symptoms of BOO.
Noguchi et al. 2005
Prospective, clinical trial randomized double blind placebo controlled study, 20 healthy volunteers received G. lucidum capsules orally G. lucidum capsules containing 500 mg active extract (Greenvalley® Ltd., Shanghai, China).
Hemostasis.
1.5 g or placebo daily for 4 weeks 4 weeks treatment and 4 weeks follow-up
Ganoderma lucidum was not associated with gross impairment of platelet and global hemostatic function and did not increase the risk of bleeding in healthy individuals Kwok et al. 2005 Clinical trial Disease Type Dose Effect References Randomized, double-blind, placebo controlled study, 132 patients with neurasthenia treated with Ganopoly.
Neurasthenia
Ganopoly or placebo orally at 1,800 mg three times a day for 8 weeks.
In 123 patients, lower scores after 8 weeks in the CGI (Clinical Global Impression) severity score and sense of fatigue, with a respective reduction of 15.5% and 28.3% from baseline, whereas the reductions in the placebo group were 4.9% and 20.1%, well tolerated in the study patients, Ganopoly was significantly superior to placebo with respect to the clinical improvement of symptoms in neurasthenia.
Tang et al. 2005
Pseudoparasitosis caused due to G. lucidum, first reported case in Thailand. A 49 years old male patient with non-Hodgkin's lymphoma showed chronic watery diarrhea. He had a history of consumption of powdered G. lucidum extract as a dietary supplement and herbal medicine.
Stool examination confirmed many spores of G. lucidum.
Pseudoparasitosis
Not mentioned. After discontinuation of mushroom spores ingestion, the diarrheal symptoms improved but fecal examination subsequently showed no Ganoderma spores. Many artifacts in the stool may be confused with parasites.
Wanachiwanawi n et al. 2006
Hepatotoxic effect related to G. lucidum mushroom, G. lucidum powder was treated for two patients.
Fatal fulminant hepatitis.
Ganoderma. lucidum powder for 1-2 months, no specific dosage was mentioned.
Showed hepatotoxic effect after 1 or 2 months in both patients.
Wanmuang et al. 2007
A double-blind, randomized, placebocontrolled pilot trial on safety and efficacy of G. 10 days after the treatment.
Randomized, double-blind, placebo controlled, dose-ranging clinical trial 50 men with lower urinary tract symptoms; group 1: (n = 12); group 2: (n = 12); group 3: (n = 14), control: (n = 12) G. lucidum tablets (Chlorella Industry Tokyo, Japan).
Lower urinary tract symptoms. group1: 0.6 mg/day; group 2: 6 mg/day; group 3: 60 mg/day 8 weeks.
There were no statistically significant differences in baseline characteristics for age, PSA level, prostate volume, peak urinary flow rate, or symptom score among the treatment groups vs control; however, the treatment groups receiving 6 mg and 60 mg had significantly improved International Prostate Symptom Scores. No major adverse effects were observed.
Noguchi et al. 2008a
Double-blind, placebo-controlled, randomized and dose-ranging study with 88 men over the age of 49 years who had slight-to-moderate LUTS were treated with G. lucidum tablets (Chlorella Industry Tokyo, Japan).
Lower urinary tract symptoms (LUTS).
12 weeks of treatment with G. lucidum extract, 6 mg once a day or placebo.
A statistically significant improvement in the International Prostate Symptom Score in the treatment group vs. control. Overall treatment was well tolerated with no severe adverse effects.
Noguchi et al. 2008b
Randomized, double-blind, crossover study with placebo controlled run-in and cross-over periods. 26 patients were treated.
Patients with borderline elevations of blood pressure and/or cholesterol (Hypertension).
1.44 G. lucidum daily or matching placebo for 12 weeks.
Plasma insulin and homeostasis model assessmentinsulin resistance were lower in the treatment group than in the placebo group.
Chu et al. 2012
A randomized placebo controlled multi-center study, 90 chronic hepatitis B patients were treated with Ganopoly. chronic hepatitis B.
Ganopoly dose unknown, treated 12 weeks and followed 13 weeks.
Reduced the HBV DNA level of 25% of patients with 4% compared to placebo, after 6 months 33% had normal aminotransferase values, 13% had lost hepatitis B surface antigen(HBsAg) from serum, none of the controls showed had normal aminotransferase values or had lost hepatitis B surface antigen (HBsAg).
Gao et al. 2012
472 patients who underwent oral swabs for gingivitis and 61 patients were positive for HPV16 (Oral Human papilloma virus) or HPV18. 20 patients were included in group 1 (Laetiporus sulphureus) and 41 patients were included in group 2
Patients with HPV16 and HPV18.
Not mentioned. After 2 months, in group 1, the clearance was equal to 5%. In group 2, the clearance was equal to 88%. Difference in the changes in low-density lipoprotein cholesterol (LDL-C) levels between placebo and active treatment was significantly better with active treatment. HbA1c (Glycated haemoglobin levels) significantly decreased by -3.9% in the active treatment group, but the change was not significantly different from that with placebo, no apparent adverse effects or changes in laboratory safety parameters with either treatment, mild beneficial effects on plasma LDL-C after 12-weeks treatment in subjects with dyslipidemia without any noticeable adverse effects.
Hu et al. 2014
50 patients CD4 (counts between 100 and 200) were grouped into 3 sets: ARV (anti-retroviral) only, ARV in combination with G. lucidum and G. lucidum only.
Low immunity patients.
6-9 x 120 mg G. lucidum capsules per day.
ARV in combination with G. lucidum group showed low immunity associated oral thrush infections healed within 3 to 7 days, average body weight and hemoglobin level increased, CD4 (T-helper cells) count increase significantly enhanced smoothness of the skin of the patients and improvements in general body fitness.
http://www.conc ordhealth.net/do ctorresearch/cd-4----research(accesse d) 22 February 2015 Open label study with two male hay fever patients.
Hay fever patients.
3 grams per day and was maintained at this level until the symptoms relieved, then it was maintained 1.5 grams per day until the end of the hay fever season. For the second patient supplementation commenced at 2 tablets per day and was maintained at this level through the season.
After 3-4 days supplementation at 3.0g, a marked decrease in drowsiness, itchiness and sneezing. Continued alleviation throughout the season, for second patient after 1 week 90% reduction in symptoms. No red/sore eyes or sore throat. Only occasional sneezing.
http://www.myc ologyresearch.c om/pdf/articles/ Martin_Powell. pdf(accessed) 22
February 2015 Anti-microbial activity of spore powder of Ganoderma lucidum on Prevotella intermedia isolated from sub gingival plaque from 20 patients. 13 out of the 20 clinical samples were tested that showed sensitivity at various concentrations.
Chronic periodontitis. 12 samples -8 mcg/ml 11 samples -4 mcg/ml 8 samples -2 mcg/ml 5 samples-1 mcg/ml showed sensitivity.
Mean MIC value of G. lucidum spore powder for Prevotella intermedia was 3.62 mcg/ml. Nayak et al. 2015 703 patients treated, further available information on the number of trials and patients enrollment was very limited. However, well designed in vivo tests and randomized controlled clinical studies with G. lucidum can provide statistically significant results to confirm the efficacy and safety of G. lucidum preparations. Work on the identification of active ingredients, isolation and purification of individual compounds should be carried out and this will enable the active ingredients within nutriceutical products to be measured and to understand whether the beneficial compounds in G. lucidum act synergistically or independently, and to explain potential synergistic effects and establish safe and beneficial dose ranges of active ingredients for each disease type. Further, standardization and quality control of G. lucidum strains, cultivation processes, extracts and commercial formulations, are needed to accept G. lucidum as a natural product for potential use in the prevention and treatment of various diseases. In the nearest future, studies on this medicinal mushroom will be conducted on broad scale with standard scientific methods. These products are recommended for adjutant therapy or alternative mode of medicine but not for direct cure of any diseases. These can improve the comfort of patients" lives or prevent certain diseases or to support drug treatment in chronic diseases to reduce side effects. However, clearly defined protocols and medical standards on exact bioactive compounds and improved culture conditions should be incorporated.
Conclusion
There has been significant increase in developing natural drugs all over the world and Ganoderma lucidum has been used as a functional food to prevent and treat many immunological diseases over the last few decades. Some in vitro and in vivo studies of medicinal properties of G. lucidum appear to be promising, but more in-depth investigation and accurate scientific evidence is still required to confirm the efficacy and safety of the drug in order to incorporate G. lucidum as an integrative therapy.
